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(57) ABSTRACT

A transformer and discharge lamp lighting device are dis-
closed. The transformer includes a closed-magnetic circuit
type of core having a gap, a primary winding 7p, a secondary
winding 7s and a detecting terminal located on the second-
ary winding 7s or an additional detecting winding separate
from the main winding. The primary winding 7p and sec-
ondary winding 7s are wound around a portion apart from a
gap 14 of a common core column 13 serving as a center axis.
The primary winding 7p 1s formed of a sheet- or film-like
conductor, and the winding portion of the primary winding
7p 1s arranged so as to include the winding portion of the
secondary winding 7s 1n the direction along the center axis
of the core column 13.

5> Claims, 7 Drawing Sheets
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FIG. 2
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FIG. 4 (A)
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FIG. 5 (A)
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FIG. 8
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FIG. 10
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TRANSFORMER AND DISCHARGE LAMP
LIGHTING DEVICE

TECHNICAL FIELD

This disclosure relates to a transformer and discharge
lamp lighting device. The disclosure also relates to technol-
ogy for improving the detecting accuracy based on a detect-
ing terminal attached to a secondary winding of a trans-
former or an additional detecting winding separate from a
main winding in the transformer for realizing a high fre-
quency and downsizing, and a discharge lamp lighting
device using the transformer.

BACKGROUND

A transtformer or coil with a low voltage and large current
may be realized by using a metallic plate winding to reduce
the number of manufacturing steps and to prevent bulkiness
of the windings. (See, e.g., Japanese patent document JP-A -

2001-155933.)

One application relates to a discharge lamp lighting
circuit, such as a metal halide lamp, used 1n an illumination
light source for a vehicle such as a motor car. DC-AC
conversion may be obtained using a transformer for power
transmission to the discharge lamp. The transformer 1s
provided with a detecting terminal attached to a secondary
winding or detecting winding 1n order to detect the voltage
applied to the discharge lamp.

The voltage detected using the detecting terminal or
detecting winding 1s used for power control of the discharge
lamp or for detection of an abnormal state of the discharge
lamp.

If the magnetic coupling within the transformer 1s not
uniform 1n a lighting circuit for high-frequency lighting a
discharge lamp in which the transformer 1s compact, it 1s
difficult to detect the voltage accurately. This 1s attributed to
the fact that the relationship between the turn ratio and
voltage significantly deviates from linear as a result of the
loose/dense state in the coupling within the transformer.
Therefore, a correction circuit 1s required. This, however,
may result in complicated circuit construction, upsizing and
increased cost. For example, where the discharge lamp 1s
employed as the illumination source for a motor car, the
lighting circuit must be arranged within a limited space (e.g.,
where a lighting circuit unit 1s accommodated within a
lamp).

One problem addressed by this disclosure 1s how to assure
the accuracy of voltage detection 1n a transformer suitable
for downsizing and high frequency, as well as a reduction 1n
the number of components and cost.

SUMMARY

This disclosure provides a transformer that includes a
closed-magnetic circuit type of core having a gap, a main
winding composed of a primary winding and a secondary
winding, and a detecting terminal located on the secondary
winding or an additional detecting winding separate from
the main winding. The disclosure also provides a discharge
lamp lighting device using the transiformer, wherein the
primary winding and secondary winding are wound around
a portion apart from the gap of a column of the common core
serving that serves as a center axis. The primary winding 1s
formed of a sheet- or film-like conductor. The winding
portion of the primary winding 1s arranged with a length
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2

suilicient to include the winding portion of the secondary
winding 1n the direction along the center axis of the core
column.

Therefore, 1n accordance with this invention, it 1s possible
to prevent unevenness 1n the distribution of magnetic cou-
pling between the primary winding formed of the sheet- or
film-like conductor and the secondary winding. That can
permit accurate voltage detection. The primary winding and
secondary winding can be wound around a portion apart
from the gap of the common core column of the common
core serving as a center axis, thereby preventing attenuation
ol the detecting accuracy as a result of the leakage magnetic
flux 1n the gap.

One or more of the following advantages may be present
in some 1mplementations. The invention can result 1n down-
s1zing or high frequency, and can assure voltage detecting
accuracy. For example, 1n an application of this invention to
a discharge lamp lighting device 1n a high frequency driving
system using the transformer, the voltage applied to the
discharge lamp can be detected accurately.

In a construction that includes an additional detecting
winding separate from the main winding, the detecting
winding can be formed of a sheet- or film-like conductor.
The winding portion of the detecting winding can be pro-
vided with a length suflicient to include the winding portion
of the secondary winding 1n the direction along the center
axis of the core column. This can help improve the accuracy
ol voltage detection.

A pair of terminals attached to the primary winding or the
detecting winding can be located at diagonal positions on the
opposite sides with respect to the winding direction of the
primary winding or the detecting winding. In this configu-
ration, a primary current can be passed uniformly through
the sheet- or film-like conductor, thereby preventing pos-
sible unevenness of the magnetic coupling between the
primary winding and the secondary winding. Other features
and advantages may be apparent from the following detailed
description, the accompanying drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing an example of a circuit con-
struction of a discharge lamp lighting device according to
this 1nvention.

FIG. 2 1s an equivalent circuit diagram of a transformer.

FIG. 3 1s a graph for explaining the relationship between
the ratio of the number of turns and a detected voltage.

FIG. 4 1s a schematic view of the main part of the basic
structure of the transformer according to this invention.

FIG. 5 1s a view showing an example of the structure of
the primary winding.

FIG. 6 1s a view showing an example of the structure of
the transformer together with FIG. 7, and 1s an exploded
perspective view of the main part.

FIG. 7 1s a view showing the sectional structure of the
primary winding.

FIG. 8 1s a view showing an example of the structure of
the transformer together with FIG. 9, and 1s an exploded
perspective view of the main part.

FIG. 9 1s a view showing the sectional structure.

FIG. 10 1s a view showing an example of the structure of
the transformer using a detecting winding.

DETAILED DESCRIPTION

FIG. 1 shows an example of a basic construction of a
discharge lamp lighting device according to this invention.
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The discharge lamp lighting device 1 includes a DC-AC
conversion circuit 3 supplied with power from a DC power
source 2, and a starting circuit 4.

The DC-AC conversion circuit 3 receives a DC input
voltage (+B i FIG. 1) from the DC power source 2 to
provide DC-AC conversion and voltage boosting. The illus-
trated DC-AC conversion circuit 3 includes two switching,
clements SH, 5L and a control unit 6 for making driving
control therefor. Specifically, one end of the switching
clement SH at the higher stage i1s connected to a power
source terminal, whereas the other end i1s connected to
ground through the switching element 5L at the lower stage.
The switching elements SH and SL are alternately turned
on/ofl by the control unit 6. For stmplicity of illustration, the
clements SH, SL are illustrated by a switch symbol, but may
be, for example, a semiconductor switching element such as
a field eflect transistor (FET) or bipolar transistor.

The DC-AC conversion circuit 3 has a series resonance
circuit including an inductance element or a transformer and
a capacitor.

In this embodiment, the DC-AC conversion circuit 3 has
a transformer 7 for power transmission, and on the primary
side thereot, has a circuit construction that uses a resonance
phenomenon between a resonance capacitor 8 and an induc-
tor or an inductance component. In particular, the circuit
construction can be proposed 1n the following three formats.

(I) Format using the resonance between the resonance
capacitor 8 and an inductance element.

(II) Format using the resonance between the resonance
capacitor 8 and a leakage inductance of the transformer 7.

(III) Format using the resonance between the resonance
between the resonance capacitor 8, and the inductance
clement and leakage inductance of the transformer 7.

According to the first format (I), the following circuit
configuration can be adopted. An inductance element 9 such
as a resonance coil 1s added. Its one end 1s connected to the
resonance capacitor 8. The resonance capacitor 8 1s con-
nected to a connecting point between the switching elements
5H and 5L. The other end of the inductance element 9 1s
connected to the primary winding 7p of the transformer 7.

According to the second format (II), the addition of the
inductance element, such as the resonance coil, 1s not
required because the inductance component of the trans-
former 7 1s employed. The circuit configuration 1s as fol-
lows. One end of the resonance capacitor 8 1s connected to
the connecting point of the switching elements 5H and 5L,
whereas the other end of the capacitor 8 1s connected to the
primary winding 7p of the transformer 7.

In the third format (I1II), the series composite reactance of
the inductance 9 and the leakage inductance can be used.

In all the foregoing formats, by using the series resonance
between the resonance capacitor 8 and the inductive element
(inductance component or inductance element), the driving
frequency of the switching elements 5H, SL 1s set at a value
not lower than the series resonance Ifrequency and the
switching elements are alternately turned on/oil. In this way,
a discharge lamp 10 (e.g., metal halide lamp for a vehicle)
connected to a secondary winding 7s of the transformer 7
can be lit 1n a sinusoidal manner. During driving control of
cach switching element by the control unit 6, the switching
clements should be oppositely driven so that the switching
clements are not both placed 1n their ON state (by the control
of “on-duty”). Assuming, for example, that the resonance
frequency before lighting 1s 11, the resonance frequency 1n
the lighting state 1s 12, the electrostatic capacitance of the
resonance capacitor 8 1s Cr, the inductance of the inductance
clement 9 1s Lr, and the primary side inductance of the

10

15

20

25

30

35

40

45

50

55

60

65

4

transformer 7 1s Lpl, then, 1n the third format (III), before
the discharge lamp 1s lit, the series resonance frequency
t1=1/(2-7- /(Cr(Lr+Lpl)). For example, if the driving fre-
quency 1s lower than 11, the loss of the switching elements
1s large which reduces the efliciency. Therefore, the switch-

ing operation 1s carried out at a frequency range higher than
t1. After the discharge lamp has been Iit, 12=1/2-57- /(Cr-Lr)

(11<12). The switching operation 1s carried out in a fre-
quency range higher than 12.

The starting circuit 4 supplies a start signal to the dis-
charge lamp 10. For example, on the basis of the voltage
caused by an auxiliary winding added to a voltage generat-
ing section (not shown) or the transformer 7, the signal
generated in the primary winding 7p of the transformer 7 1s
boosted by the transformer 7 and applied to the discharge
lamp 10 (1.e., the start signal superposed on the AC-con-
verted output 1s supplied to the discharge lamp 10).

The transformer 7 has a main winding 7M composed of
the primary winding 7p and the secondary winding 7s. The
transformer 7 provides power transmission to the discharge
lamp 10 connected to the secondary winding 7s. The voltage
applied to the discharge lamp 10 1s detected in the following
two formats (designated (A) and (B)). For convenience of
explanation, both formats are 1llustrated, but only one need
be adopted 1n a particular implementation.

(A) obtaiming the detected voltage from a detecting ter-
minal located on the way of the secondary winding

(B) Using an additional detecting winding separate from
the main winding

In the first format (A), on the way of the secondary
winding 7s of the transtormer 7, the detecting terminal
detects the voltage. For example, with the number of turns

and voltages set as shown 1n the drawing, the relationship
Ns/Np=Vs/Vp 1s applicable. Thus, from Ns1/Ns=Vsl/Vs,
the relationship Vs1=Vsx(Ns1/Ns) 1s obtained.

The various values 1n the foregoing equations are defined
as follows.

Np=the number of turns of the primary winding 7p of the
transformer 7.

Ns=the number of turns of the secondary winding 7s of
the transformer 7.

Nsl1=the number of turns to the detecting terminal on the
way of the secondary winding 7s.

Vp=a primary voltage.

Vs=a secondary voltage.

Vsl=a detected voltage from the detecting terminal.

In the second format (B), a detecting winding 7v 1s added
on the secondary side of the transformer 7 to detect the
voltage. For example, with the number of turns and voltages
set as shown 1n the drawing, the relationship Ns/Np=Vs/Vp
applies. Thus, from Ns2/Ns=Vs2/Vs, the relationship
Vs2=Vsx(Ns2/Ns) 1s obtained.

The values Ns2 and Vs2 are defined as follows.

Ns2=the number of turns of the detecting winding 7v.

Vs2=the detected voltage obtamned from the detecting
winding 7v.

In both formats (A) and (B), assuming that the trans-
former 7 has an 1deal transforming characteristic, the voltage

proportional to the turn ratio to the secondary winding
(Ns1/Ns, Ns2/Ns) 1s detected, thereby providing a linear

characteristic.

However, in actual implementations 1in which the trans-
former uses round windings, the linear characteristic cannot
readily be obtained.

FIGS. 2 and 3 are views for explaining the reason theretfor.
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FIG. 2 1s an equivalent circuit diagram of the main
winding 7M of the transformer 7. FIG. 3 1s a graph showing
a characteristic of the transformer.

First, as seen from FIG. 2, the transformer 7 can be
regarded as an assembly of n-number of small transformers.
In FIG. 2, the coupling coeflicient of each of the small
transformers 1s defined as K1 (1=1, 2, . . . n).

On the primary side of the transformer 7, n-number of
equivalent windings 11, 11, . . . are connected 1n parallel. On
the secondary side of the transformer 7, n-number of equiva-
lent windings 12, 12, . . . are connected in series. (In FIG.
2, V1(1=1, 2, . . . n) represents the potential at the connecting
position of each winding 12 and the potential at the output
terminal ).

FIG. 3 1s a graph schematically showing the relationship
between the number of turns a 1n a horizontal axis and the
detected voltage V 1n a vertical axis.

In an 1deal transformer, the linear characteristic, indicated
as a graphic line G, can be obtained. For example, 1n the first
format (A), a detected voltage that 1s proportional to the turn
ratio can be obtained from the detecting terminal on the way
of the secondary winding. This corresponds to the case
where all the coupling coethicients K1 (1=1, 2, . . ., n) of the
small transformers are equal.

On the other hand, 1f the coupling coeflicients K1 (1=1,
2, . . ., n) are not equal, the deviation from the linear
characteristic becomes apparent as indicated by graphic
lines g1 to g3. For example, graphic lines gl and g2 indicate
the characteristics 1n the case where only the value of a
specific coupling coeflicient (e.g., K1 or K5) 1s changed.
Graphic line g3 1indicates the characteristic 1n the case where
the values of the coupling coethlicients are different from one
another by small magnitudes.

As described above, owing to the presence of the loose/
dense magnetic coupling within the transformer (i.e.,
unevenness in the distribution of the coupling coeflicient
values of the small transformers), voltage detection accord-
ing to the linear characteristic cannot be carried out. In other
words, 1f the uniform coupling state within the transformer
1s realized, in the formats (A) and (B), accurate voltage
detection can be assured regardless of the coupling within
the entire transformer.

FIGS. 4 to 9 show examples of the structure of the
transformer according to this invention.

FIG. 4 1s a schematic view of the main part of the basic
structure of the transformer 7.

The primary winding 7p and secondary winding 7s which
constitute the main winding 7M are wound around a com-
mon core column 13 as a central axis (C—C line 1n FIG. 4)
by one or more turns on the portion apart from a gap (air gap
or nom-magnetic gap) 14.

For example, 1n a format 7_1 shown i FIG. 4(A), the
primary winding 7p 1s arranged around the core column 13
and the secondary winding 7s 1s arranged outside the pri-
mary winding 7p. In a format 7_2 shown in FIG. 4(B), the
secondary winding 7s 1s arranged around the core column 13
and the primary winding 7p 1s arranged outside the second-
ary winding 7.

In an application of this mvention, 1in both the foregoing
formats, the winding portion of the primary winding 7p 1s
located with a length suflicient to include that of the sec-
ondary winding 7s in a direction along the center axis of the
core column 13. Specifically, with an X-axis (the upward
direction 1s a positive direction) set 1n the direction along the
center axis C—C of the core column 13, assuming that the
upper end position of the winding portion of the primary
winding 7p 1s Xpu, the lower end position thereof 1s Xpd and
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the length of the winding portion thereof 1s L1 (=Xpu—-Xpd).
Assuming that the upper end position of the secondary
winding 7s 1n the X-axis direction 1s Xsu, the lower end
position thereof 1s Xsa and the length of the winding portion
thereof 1s L2 (=Xsu-Xsd), L1=2L2, Xpu=ZXsu, and
Xpd=Xsd.

FIG. 5 shows an example of the structure of the primary
winding 7p which 1s formed of a sheet- or film-like con-
ductor.

FIG. 5(A) shows the primary winding 7p wound around
the periphery of the core column. FIG. 5(B) i1s a view before
winding.

The conductor portion 15 of the primary winding 7p 1s
formed 1n a cylindrical shape by winding the thin conductor
around the center axis spirally when viewed from the center
axis.

The primary winding 7p 1s provided with a pair of
terminals 16, 16. As seen from FI1G. 5(B), these terminals 16,
16 are located at diagonal positions on the opposite sides
with respect to the winding direction of the primary winding
7p (arrow “R” direction shown i FIG. 5(B)). Thus, a
primary current flows uniformly through the conductor
portion of the primary winding 7p so that the coupling
between the primary winding and the second winding 1s
uniform.

A connecting terminal 17 to the starting circuit 4 (indi-
cated by broken line 1n FIG. 5(B)) may be formed on either
long side extending in the winding direction of the primary
winding 7p.

The medium of the primary winding 7p may be, e¢.g., a
metallic sheet or flexible film-like conductor (flexible
printed wiring board).

The secondary winding 7s may be, for example, a round
wire. However, by adopting the “edgewise winding” in
which a flat wire 1s circularly wound in a superposed
manner, the transformer can be constructed with a minimum
s1ze while suppressing copper loss.

Next, an explanation 1s given of examples of specific
constructions of the transformer. The transformer 1s pro-
vided with a closed magnetic circuit type of core having a
gap. For example, as described below, the magnetic circuit
of the transformer can use an E-type core, U-type core, etc.

Combined structure of two E-type cores

Combined structure the E-type core and an I-type core

Combined structure of two U-type cores

Combined structure of the U-type core and the I-type core

The magnetic circuit 1s closed to round the magnetic core
and gap. An open type construction, such as only an I-type
core, 1s excluded.

FIGS. 6 to 9 show examples of combined structures of the
E-type core and the I-type core. In these combined struc-
tures, the main winding 1s wound around the linear portion
of the core, which serves as a common axis so that the
primary winding of a sheet- or film-like conductor com-
pletely 1s wound 1n a roll-shape so as to include the sec-
ondary winding in the direction of the common axis.

In the structure shown 1n FIGS. 6 and 7, the main winding,
7M 1s wound around the linear portion of the core column
of the E-type core.

FIG. 6 1s an exploded perspective view of the main part
of the transformer 18 which includes an I-type core 19,
primary winding 7p, secondary winding 7s and an E-type
core 20. FIG. 7 shows the sectional structure of the trans-
former 18.

In this structure, the secondary winding 7s 1s located
around a core column 20a that serves as the middle leg of the
E-type core 20. The secondary winding 7s 1s provided with
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a detecting terminal 22 located at a predetermined position
(e.g., the second turn) on the way of the winding, 1n addition
to a pair of terminals 21, 21. The detected voltage 1s taken
from the detecting terminal 22.

On the outer periphery of the secondary winding 7s, the
primary winding 7p 1s arranged through an insulator (FIG.
7).

As seen from FIG. 7 (in the sectional structure of the
transformer 18 1n a plane including the center axis of the
core column 20q) the winding portion of the primary wind-
ing 7p completely includes the outside of the winding
portion of the secondary winding 7s. Both windings are
arranged to be apart from a gap 23 of the magnetic circuit
(1.e., the gap formed between the end of the core column 20qa
and the I-type core 19). An insulator 24 (e.g., an insulating
bobbin) 1s arranged between the primary winding 7p and the
secondary winding 7s so that both windings are insulated
clectrically from each other.

In the structure shown 1 FIGS. 8 and 9, the arrangement
of the primary winding and secondary winding 1s the reverse
of that 1n the foregoing structure.

FIG. 8 1s an exploded perspective view of the main part
of a transformer 25 which includes the I-type core 19,
primary winding 7p, secondary winding 7s and E-type 20.
FIG. 9 shows the sectional structure of the transformer 25.

In this structure, the primary winding 7p 1s located around
the core column 20aq that serves as the middle leg of the
E-type core 20. The secondary winding 7s 1s arranged on the
outer periphery of the primary winding 7p through the
isulator (FI1G. 9). The detected voltage 1s taken from the
detecting terminal 22 located at a predetermined position
(e.g., the second turn) on the way of the secondary winding.

As seen from FIG. 9 (in the sectional structure of the
transformer 25 cut 1n a plane including the center axis of the
core column 20q) the winding portion of the primary wind-
ing 7p completely includes the mside of the winding portion
of the secondary winding 7s. Both windings are arranged to
be apart from the gap 23 of the magnetic circuit. In this
structure also, the insulator 24 1s arranged between the
primary winding 7p and the secondary winding 7s so that
both windings are insulated electrically from each other.

In the structures shown in FIGS. 6 to 9, the primary
winding 7p 1s formed of a metallic sheet, and the 1nsulator
was arranged between the primary winding 7p and the
secondary winding 7s. However, in some implementations,
the primary winding 7p may be constructed 1n the following
formats.

Winding a flexible material such as FPC (flexible printed

wiring board) 1n a cylindrical shape.

Winding a conductor-evaporated film matenial (e.g.,

PEN).

Inserting an insulating film between layers in order to

insulate these layers from one another.

All the formats are effective to prevent bulkiness of
windings and can provide suflicient inter-layer insulation.

In the structures described above, the detected voltage
was taken from the detecting terminal 22 of the secondary
winding 7s. In the format in which the detecting winding 7v
1s added to detect the voltage, the detecting winding 1s
formed of the sheet- or film-like conductor like the primary
winding 7p. The winding portion of the detecting winding 1s
located with a length enough to 1include the winding portion
of the second winding 7s 1n the direction along the center
axis ol the core column.

For example, as seen from FIG. 10, the detecting winding,
7v 1s arranged on the outer periphery of the secondary
winding 7s. The detected voltage 1s obtained from terminals
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26, 26 at both ends of the detecting winding 7v. The
terminals 26, 26 are located at diagonal positions on the
opposite sides with respect to the winding direction of the
detecting winding 7v like the case of FIG. 5.

In the structure shown 1n FIG. 10, the primary winding 7p
1s arranged on the outer periphery of the core column 20aq,
and the secondary winding 7s 1s arranged on the outer
periphery of the primary winding 7p. Also, the detecting
winding 7v 1s arranged on the outer periphery of the sec-
ondary winding 7s. Between the windings, the insulator (not
shown) 1s arranged. However, other configurations may be
adopted 1n which the secondary winding 7s 1s arranged on
the outer periphery of the core column 20a, the primary
winding 7p 1s arranged on the outer periphery of the sec-
ondary winding 7s, and further the detecting winding 7v 1s
arranged on the outer periphery of the primary winding 7p.
Furthermore, 1 addition to these configurations (as
described below) the detecting winding 7v may be arranged
on the mnner periphery of the secondary winding 7s to obtain
the detected voltage.

The detecting winding 7v 1s arranged on the outer periph-
ery ol the core column 20a; the primary winding 7p 1s
arranged on the outer periphery thereof; and the sec-
ondary winding 7s 1s arranged on the outer periphery
thereof. The insulator 1s arranged between the wind-
1ngs.

The detecting winding 7v 1s arranged on the outer periph-
ery of the core column 20a; the secondary winding 7s
1s arranged on the outer periphery thereof; and the
primary winding 7p 1s arranged on the outer periphery
thereof. The insulator 1s arranged between the wind-
ngs.

As described above, to prevent the loose/dense state of the
coupling between the primary winding and the secondary
winding which constitute the main winding (1.e., unevenness
or mequality in the distribution tendency in the coupling
coellicients), the primary winding 1s formed of the sheet- or
film-like conductor 1n a cylindrical shape, and the winding
portion of the primary winding 1s located with a length
suflicient to completely include the secondary winding.
Further, at a position apart from the gap of the magnetic
circuit, the primary winding and secondary winding are
wound around the common core column.

For configurations i which the transformer having the
structure described above 1s employed, for example, 1n the
circuit of FIG. 1, driving control of the switching elements
5H and SL provides the DC-AC conversion, the transformer
7 boosts the primary voltage generated by the series reso-
nance circuit icluding the capacitor 8, and power 1s sup-
plied to the discharge lamp 10. The transformer 7 performs
the dual functions of transmitting power to the discharge
lamp 10 and supplying a start signal to the discharge lamp
10.

The accurate detected voltage 1s obtained and supplied to
the control unit 6 by the detecting terminal located on the
way of the secondary winding 7s of the transtormer 7 or the
detecting winding 7v. Under control of the control unit,
DC-AC conversion and voltage boosting are carried out by
the mput DC-AC conversion circuit 3 to provide power
control for the discharge lamp 10. In addition, when the
discharge lamp 10 1s activated, the start signal 1s generated
by the starting circuit 4 and applied to the discharge lamp 10
through the main winding 7M of the transformer 7.

Other implementations are within the scope of the claims.

What 1s claimed 1s:

1. A transformer comprising a closed-magnetic circuit
type of core having a gap, a main winding including a
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primary winding and a secondary winding, and at least one
ol a detecting terminal located on the secondary winding or
an additional detecting winding separate from the main
winding, wherein

said primary winding and secondary winding are wound

around a portion apart from the gap of a common core
column of said core; and

said primary winding 1s formed of a sheet- or film-like

conductor, and the winding portion of said primary
winding 1s arranged with a length suflicient to include
the winding portion of said secondary winding in a
direction along a center axis of the common core
column.

2. A transformer according to claim 1, wherein said
additional detecting winding 1s formed of a sheet- or film-
like conductor, and the winding portion of said detecting
winding 1s arranged with a length suflicient to include the
winding portion of said secondary winding in the direction
along the center axis of the common core column.

10

15

3. A transformer according to claim 1, wherein a pair of 20

terminals attached to said primary winding are located at
diagonal positions on opposite sides with respect to a
winding direction of said primary winding.

4. A transformer according to claim 2, wherein a pair of
terminals attached to said detecting winding are located at

10

diagonal positions on opposite sides with respect to a
winding direction of said detecting winding.

5. A discharge lamp lighting device comprising a DC-AC
conversion circuit which includes a transformer to provide
power transmission to a discharge lamp and converts an
mput DC voltage mto an AC voltage so as to supply an
output from the transformer to the discharge lamp, and a
starting circuit to supply a start signal to the discharge lamp,
wherein said transformer includes a closed-magnetic circuit
type of core having a gap, a main winding including a
primary winding and a secondary winding, and at least one
ol a detecting terminal located on the secondary winding or
an additional detecting winding separate from the main
winding, wherein

said primary winding and secondary winding are wound
around a portion apart from the gap of a common core
column of said core serving as a center axis; and

said primary winding 1s formed of a sheet- or film-like
conductor, and the winding portion of said primary
winding 1s arranged with a length suflicient to include
the winding portion of said secondary winding in a
direction along the center axis of the core column.
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